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(57) Abstract 

The system preferably includes a unique transmitter that sends both clock and data signals over the same transmission line. The 
receiver uses the same transmission line to send data signals back to the transmitter. The transmitter comprises a clock generator, a decoder 
and a line interface. The clock generator produces a clock signal that includes a variable position falling edge. The falling edge position 
is decoded by the receiver to extract data from the clock signal. The receiver comprises a clock re-generator, a data decoder and a return 
channel encoder. The clock re-generator monitors the transmission line, receives signals, filters them and generates a clock signal at the 
receiver from the signal on the transmission line. The return channel encoder generates signals and asserts them on the transmission line. 
The signal is asserted or superimposed over the clock and data signal provided by the transmitter. 
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1 . Field of the Invention 

The present invention relates generally to the field of 
data communications, and more particularly, to the transmission 
15 of clock and data signals. Still more particularly, the present 
invention relates to the transmission of clock signals and data 
signals on the same transmission line in transition minimized 
differential signaling (TMDS) system. 

2 . Description of the Background Art 

20 There are a variety of prior art systems and method for 

transmitting data between a transmitter and a receiver. Various 
serial links and other methods for transmitting data and clock 
signals are well known. However, most such schemes provide a 
single line or channel dedicated for the transmission of the 

25 clock signals and other signal lines or channels dedicated for 
the transmission of data. Once such system is described by 
Kyeongho Lee, Sungjoon Kim, Gijung Ahn, and Deog-kyoon Jeong in 
"A CMOS Serial Link For Fully Duplexed Data Communication," IEEE 
Journal of Solid State Circuits, Vol. 30, No. 4 pp. 353-364, 

30 April 1995. 

The present invention will be discussed in the context of 
transition minimized differential signaling (TMDS) , however, 
those skilled in the art will recognize that the present 
invention is applicable in various other data communication 

35 contexts. In TMDS, four signal lines are provided, and each 

signal line is preferably a differential pair. One signal line 
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is a for a low speed clock signal and the three other signal 
lines are for high-speed data transmission. 

One important aspect of all data communication systems is' 
to maximize the bandwidth provided by the data channels. 
5 However, most systems include a variety of control signals that 
must be sent between the transmitter and the receiver to ensure 
proper operation, and maintain synchronization between the 
transmitter and the receiver. For example, it is not uncommon 
for as much as 20% of the bandwidth to be used for framing an 

10 synchronization in serial communication. One problem is that 
the bandwidth available for data is typically reduced because 
the data signal lines must be used to transmit these control 
signals between the transmitter and receiver. Yet another 
problem is latency in transmitting the control signals to the 

15 recipient. Especially in video data communication, much of the 
data must be transmitted in blocks during which control signals 
cannot be sent. For example, when transmitting data from a 
controller to a flat panel, the data is transmitted, and then 
there is a data enable period corresponding to the blanking 

20 period in CRT display that is used to send control and 

synchronization signal. Only during that data enable period can 
the control signals be sent under most protocols. Therefore, 
there is latency imposed on transmitting control signals to the 
receiver. Thus, there is need for a system that can provide for 

25 control signaling between the transmitter and the receiver 
without decreasing the available bandwidth for data transfer, 
and while reducing the latency in sending control signals. 

Yet another problem in the prior art is that most systems 
do not provide a mechanism to get signals from the receiver back 

30 to the transmitter. In other words, there is not a return 
channel for communication. Some systems have provided 
additional signal lines, however, their addition and interface 
add significant complication, require re-wiring and create other 
problems that make the addition of a physical line unworkable. 

35 Another approach is to add a second transmitter, second receiver 
and signal lines. However, this essentially doubles the hardware 

-2- 
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requirements making such a solution too expensive. Furthermore, 
such duplication is overkill for the amount of data that needs 
to be sent between the transmitter and the receiver, especially, 
when the application is one of sending video data from a 
transmitter to a receiver such as communication between a 
graphic controller and a video display device. 

Therefore, there is a need for a system and method for that 
uses the clock signal line also for transmitting data signals 
between the transmitter and the receiver and vice-versa. 

SUMMARY OF THE INVENTION 

The present invention overcomes the deficiencies and 
limitations of the prior art with a unique data communication 
system. The system preferably includes a unique transmitter and 
receiver coupled by a transmission line. The transmitter sends 
both a clock signal and data signals over the transmission line 
to the receiver. The receiver uses the same transmission line 
to send data signals back to the transmitter. 

The transmitter preferably comprises a clock generator, a 
decoder and a line interface. The clock generator produces a 
clock signal that includes a variable position falling edge. 
The falling edge position is decoded by the receiver to extract 
data in addition to the clock signal. The line interface 
couples the output of the clock generator to the transmission 
line. The line interface also couples the transmission line to 
the decoder and in doing so removes the signals from the clock 
generator. The decoder receives the signals from the line 
interface and decodes the signal to determine the data being 
sent from the receiver to the transmitter on the same line used 
to send the clock and data from the transmitter to the receiver. 

The receiver preferably comprises a line interface, a clock 
re-generator, a data decoder and a return channel encoder. The 
clock re-generator, the data decoder and the return channel 
encoder are coupled to the transmission line by the line 
interface. The clock re-generator monitors the transmission 
line, receives signals, filters them and generates a clock 
signal at the receiver from the signal on the transmission line. 
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The data decoder similarly is coupled to receive the signals on 
the transmission line, and filters and decodes- the signals to 
produce data signals. This is preferably done by determining 
the position of the falling edge of the clock signal and 

5 translating the falling edge position into bit values. In 
contrast, the return channel encoder generates signals and 
asserts them on the transmission line. These signals are 
asserted or superimposed over the clock & data signals provided 
by the transmitter. 

10 These and other features and advantages of the present 

invention may be better understood by considering the following 
detailed description of a preferred embodiment of the invention. 
In the course of this description, reference will frequently be 
made to the attached drawings. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of system including the 
combined clock and data signal line of the present invention. 

Figure 2 is a block diagram of a portion of the transmitter 
showing a clock generator, decoder and a line interface. 

20 Figure 3 is a block diagram of a preferred embodiment of 

the clock generator constructed in accordance with the present 
invention. 

Figure 4 is a timing diagram illustrating various clock 
signals that the clock generator of the present invention 
25 produces . 

Figure 5A is a block diagram of a preferred embodiment of 
the line interface constructed in accordance with the present 
invention. 

Figure 5B is a circuit diagram of the preferred embodiment 
30 of the line interface constructed in accordance with the present 
invention. 

Figure 6A is a block diagram of a first embodiment of the 
decoder at the transmitter constructed in accordance with the 
present invention. 
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Figure 6B is a block diagram of a second embodiment of the - 
decoder at the transmitter constructed in accordance with the 
present invention. 

Figure 7 is a block diagram of a first embodiment of 
5 portions of the receiver relating to the present invention. 

Figure 8 is a block diagram of a first embodiment of a 
clock re-generator of the receiver. 

Figure 9 is a block diagram of a preferred embodiment of a 
data decoder of the receiver. 
10 Figure 10A is a block diagram of a first embodiment of a 

return channel encoder of the receiver. 

Figure 10B is a block diagram of a second and alternate 
embodiment of a return channel encoder of the receiver. 

Figure 11A is a timing diagram illustrating signals on the 
15 transmission line, and the clock and data signals generated by 
the transmitter for return to zero signaling. 

Figure 11B is a timing diagram illustrating signals on the 
transmission line, the data signal sent by the receiver, and the 
clock and data signals recovered by the receiver for return to 

20 zero signaling. 

Figure 12A is a timing diagram illustrating signals on the 
transmission line, and the clock and data signals generated by 
the transmitter for non-return to zero signaling. 

Figure 12B is a timing diagram illustrating signals on the 
transmission line, the data signal sent by the receiver, and the 
clock and data signals recovered by the receiver for non-return 

to zero signaling. 

DETAILED DESCRIPTION OF THE PREFER RED EMBODIMENTS 
Referring now to Figure 1, a block diagram of system 100 
including the combined clock and data signal line of the present 
invention is shown. The system 100 preferably includes a 
transmitter 102, a clock transmission line 104, a receiver 106 
and one or more data transmission lines 108. The transmitter 
102 preferably provides a clock signal as well as data signals 
35 to the receiver 106 via the clock transmission line 104. These 
data signals are in addition to those provided to the receiver 
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106 via the high speed data transmission lines 108. The 
receiver 106 receives the signals on the transmission line 104 
and from them, generates the clock and data signals at the 
receiver 106. These data signals on the clock line 104 are 
again in addition to the data signals that the receiver 106 
recovers from the data transmission line 108. The transmitter 
102 and the receiver 106 include logic for sending and receiving, 
the data from data transmission line 108. This logic preferably 
includes transition control, DC balancing, and encoding/decoding 
in a conventional manner. For example, in addition to the 
components of the present invention for receiving and sending 
data and clock signals on the clock transmission line 104 that 
will be described below, the transmitter 102 and the receiver 
106 respectively include conventional data transmission logic 
for TMDS such as that provided in PanelLink by Silicon Image of 
Cupertino, California. For ease of understanding that logic and 
the data transmission line 108 are omitted from the discussion 
below and the remaining figures. Those skilled in the art will 
also realize that while shown as a single line, the clock 
transmission line 104 and the data transmission line 108 are 
preferably each a differential pair of signal lines, and the 
signal is carried on the differential pair of lines. 
Furthermore, those skilled in the art will understand the 
preferred embodiment for the data transmission line 108 is three 
25 pairs of data lines. 
Transmitter 

Referring now to Figure 2, a preferred embodiment of the 
transmitter 102 is shown in more detail. The transmitter 102 
preferably comprises a clock generator 200, a line interface 
30 204, and a decoder 202. 

The clock generator 200 has a first input, a second input 
and an output. The clock generator 200 produces a clock signal 
that is encoded with data. The data is encoded into the clock 
signal by varying the modulation of the falling edge of the 
clock signal. In other words, the position of the falling edge 
of the clock relative to the rising edge indicates different 
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data values. This is particularly advantageous because it 
preserves the rising edge of the clock for clock recovery. All 
the activity for a bi-directional data link on the clock 
transmission line 104 is centered around the falling edge of the 
5 clock from the transmitter 102. While most of the present 

invention will be described in the context of the falling edge 
of the clock having two different positions, Figures 3 and 4 ... 
will also be described in the context of the falling edge of the 
clock having five different positions. Each of the four 
10 positions representing two bit values and one position 

representing no data. The first input of the clock generator 
200 is coupled to line 214 to receive a clock signal either from 
another portion of the transmitter 102 or from a oscillator or 
other conventional clock source. The second input of the clock 
n5 generator 200 is coupled to line 216 to receive control/data 

signals. These control/data signals dictate the data or no data 
that is transmitted as part of the clock signal. These 
control/data signals may be from another portion of the 
transmitter 102 or from off chip control logic. The output of 
20 the clock generator 200 is provided on line 210 that is coupled 
to an input of the line interface 204. The output of the clock 
generator 200 provides a CGOut signal. 

While the present invention is described throughout this 
application as preserving the rising edge for the clock signal 
25 and centering all the bi-directional data transmission about the 
falling edge, those skilled in the art will realize that an 
inverse scheme where the falling edge is preserved for 
recovering the clock and changes in position of the rising edge 
is used for encoding data is within the spirit and scope of the 

30 present invention. 

The line interface 204 has an input, an output and a bi- 
directional port. The line interface 204 couples the clock 
generator 200 and the decoder 202 to the clock transmission line 
104. The input of the line interface 204 preferably couples line 

35 210 to the clock transmission line 104 so that the CGOut signal 
xnay be asserted over the clock transmission line 104. The 
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output of the line interface 204 is coupled to the input of the 
decoder 202 by line 212. The line interface 204 advantageously 
receives the signal on the clock transmission line 104, removes, 
the CGOut signal as will be described below with reference to 
Figures 5A and 5B, and sends the filtered signal as the input to 
the decoder 202. The bi-directional port of the line interface 
204 is coupled to the clock transmission line 104. 

The decoder 202 receives the filtered signals from the 
transmission line 104 and decodes the signals to generate the 
data sent by the receiver 106. The decoder 202 preferably 
performs an inverse function to the encoder 704 (See Figure 7) 
of the receiver 106 as will be described below. 

Referring now to Figures 3 and 4, the preferred embodiment 
for the clock generator 200 will be described. While the clock 
generator 200 will now be described as providing a clock signal 
having a falling edge in five possible locations to send two 
bits of data or no data in addition to the clock signal, those 
skilled in the art will recognize that this is only by way of 
example. The clock generator 200 could be configured to send 
from 1 to n bits of data per clock cycle depending on the clock 
frequency and the number of possible locations for the falling 
edge of the clock signal. In general, n locations of the 
falling edge will allow up to log 2 n bits of data to be 
transferred per clock cycle. The number of locations for the 
falling edge is limited only in that the first location must be 
such that the pulse width is greater than the logic-threshold 
crossing time of the rising edge, which may be viewed to be 
jitter by the phase-locked loop at the receiver 106. In other 
words, the thresholds for set up and hold time in the logic must 
be sufficient to recognize a rising edge as the beginning of the 
clock cycle. 

The clock generator 200 preferably generates a clock signal 
at the dot clock frequency, or the frequency used by device (not 
shown) connected to the receiver 106 for the display of the 
data. The maximum symbol rate provided by data transfer as part 
of the clock signal matches the dot clock frequency. For 
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example, if the dot clock is 100 MHz, the symbol rate is 100 
Msymbols/s. The actual data rate will depend on the modulation 
methods and the number of bits per clock or symbol that can 
sent. If simple binary modulation is used, then the bit rate is 
the same and the clock rate with would provide an additional 
lOOMb/s for control signals. 

The clock generator 200 preferably comprises a monostable 
multivibrator 306, a delay-locked loop 300, a multiplexer 302, a 
first HAND gate 304 and a second NAND gate 306. The clock 
generator 200 preferably uses only return to zero signaling for 
sending the clock and data signals. Non-return to zero 
signaling cannot be used for sending from the transmitter 102. 
The clock signal is received on line 214 and provided as input 
to the input of the one shot or monostable multivibrator 306. 
The monostable multivibrator 306 is provided to generate a 
signal with a narrower pulse width than the clock signal. This 
is advantageous for use in other portions of the clock generator 
200 in an alternated embodiment, the one shot 306, may be 
replaced by a plurality of monostable multivibrators each 
respectively coupled in series with an output signal line 308 of 
the delay locked loop 300. Such an alternate embodiment 
provides more flexibility in the design of the delay locked loop 
300 at the cost of additional monostable multivibrator as will 
be understood by those skilled in the art. The output of the 
monostable multivibrator 306 is coupled to the input to the 
delay-locked loop 300. The delay-locked loop 300 is of a 
conventional type and in response to a signal at its input, 
provides a plurality of outputs, each output being the same as 
the input only shifted in phase. The falling edge is modulated 
using a delay-locked loop 300. The falling edge is chosen from 
one of the phases provided by the delay-locked loop 300. It is 
preferable that the selected phases from the delay-locked loop 
300 be the ones close to a 50% duty cycle. The delay-locked 
loop 300 preferably provides five output signals: +0, *1, *2, 
4,3, <H, and +i>. The 4>0 signal is the clock signal unchanged. 
The 41, *2, 4,3, 4>4, and +n are each phase shifted more with 
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respect to the previous signal. The <|>0 is coupled to a first 
input of the first NAND gate 304. The output of the first NAND 
gate 304 is provided on line 210 and provides the CGOut signal. 
The first NAND gate 304 is cross coupled with the second NAND 

5 gate 306 to form a set-reset latch. A rising edge on the <)>0 
causes the output of first NAND gate 304 to be set high or 
asserted until reset to low by the second NAND gate 306. The 
remaining signals from the delay-locked loop 300, §1, $2, <|)3, <J)4, 
and <J>n are coupled to respective data inputs of the multiplexer 

10 302. The control input of the multiplexer 302 is coupled to 
line 216 to receive control/data signals. In response to the 
control/data signals on line 216, the multiplexer 302 will 
couple one of the signals from the delay-locked loop 300, $1, 
<}>2, <|>3, (1)4, and $n, to the input of the second NAND gate 306. 

15 Thus, the rising edge on the selected signal from the delay- 
locked loop 300, <j>l, <f>2, <j)3, <|>4, and +ji f will cause the latch to 
be reset and create a falling edge on the output of the first 
NAND gate 304, and thus, line 210. Thus, it is apparent that 
using the control/data signals to select one of the signals, the 

20 position of the falling edge can be selected. For example 

control signals such as shown in Table I may be used to control 
the position of the falling edge. 



Control/data 


NAND-gate 


Falling edge 


Data Sent 


Signal (216) 


306 input 


Position 




000 


♦1 


TO 


00 


001 


<|>2 


Tl 


01 


100 


<t>3 


T2 


00 


010 


4>4 


T3 


10 


011 




T4 


11 


Tab] 


Le I 



Those skilled in the art will recognize how the clock generator 
200 could be modified to create any number of different falling 
25 edge positions for the CGOut signal. Referring also to Figure 

-10- 
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4. a timing diagram of the clock/60, 41. 42, *J. 44. and +n and 
the possibie CGOut signais are shown. There are five possible 
CGOut signals. First, the clock/40 signal is unchanged which i. 
just a the input signal with falling edge at time T2 and sending 
no data. The remaining CG0utl-CG0ut4 signals are have a falling 
edge with an adjusted position to times TO, Tl, T3, T4 
respectively each representing a different two bit value. Thus 
the preferred embodiment is able to transfer two bits per clock 
from the transmitter 102 to the receiver 106. in addition to the 
clock signal. Since the receiver 106 uses only the rising edge 
to detect and define clock cycles, the present invention uses 
this to achieve the data transfer without any performance 
disadvantages. For the receiver 106 embodiments described below 
where only one bit of data per clock is sent, the clock 
generator 200 would output falling edges at times Tl and T3. 

The ability of the present invention to use the clock 
transmission line 104 to send data from the transmitter 102 to 
the receiver 104 is particularly advantageous because ft 
eliminates signal latency present in the prior art With the 
present invention as applied to TMDS, the transmitter 102 does 
not need to wait for the next available data enable (DE) low 
period to send the signals. This greatly decreases the maximum 
transfer latency. Moreover, the present invention can be used 
in other serial links that require very short latency. For 
example, if a fixed bit location is assigned for each link (a 
fixed bandwidth per fixed dot clock) the synchronization 
cverhead for those channels can be minimized. In this way, the 
latency of such links can be reduced to 1 frame cycle and the 
cable flight time. The other bits of the payload can be used 
, with variable bandwidth but the synchronization latency or delay 

could be longer. 

Yet another advantage of the forward channel for sending 
data from the transmitter 102 to the receiver 106 is that it » 
fully backward compatible with prior TMDS designs and protocols. 
, Thus, whether the receiver 106 is able to receive data from the 
transmitter 102 or not, the clock signal is unaffected by the 
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addition of data to the signal. Moreover, a receiver 106 will 
no have problem recovering the clock even if data .for 
the transmitter 102 or the receiver 106, is added in accordance. 
„ith the present invention to the signal on the 

line 10 4. Therefore, the transmitter 102 of the present 

, . it n. receiver does not have 

invention can still be used even if the receive 

cho ratability to receive the data signal. 

the capability r Dre ferred embodiment 

Referring now to Figure 5A and 5B, the preterr 

for the line interface 204 is shown. The line *»*«*«~ 
preferably comprises a first ampiifier 502, a second amp if 
506, a differential amplifier 504 and a line termrna or or pull 
up resistor 508. The line interface 204 is essentially a 
directional bridge that allows transmission of data while 
receiving data from the receiver 106. The input o the first 
amplifier 502 is coupled to line 210 to receive the CGOut 
signal. The input of the second amplifier =06 is similar y 
copied. The output of the first amplifier *° 
apply an amplified version of the CGOut signal to clock 
transmission line 104. The clock transmission Una 104 is also 
Id by the pull-up resistor 503 to high voltage to orm a 
„ terminator. The pull-up resistor 
coupled to ground or half V. as will be understood to those 

skilled in the art for alternate embodiments of the line 
sKiliea in coupled an 

terminator. The clock transmission line 104 f 
1 h other input of the 

input of the differential amplifier 504. 

differential amplifier 504 is coupled to the output of the 
. cond amplifier 506. The second amplifier 506 also receives 
he CGOut signal and amplifies the signal, but to the same o 
lesser extent than the first amplifier 502. The differential 
amplifier 504 subtracts the CGOut signal from the signal 
Z iv d from the clock transmission line 104. Thus, the output 
of the differential amplifier 504 that is provided on line 2 

c udes predominately the signals asserted by the receiver 10 
on the clock transmission line 104 and not the CGOut signal It 
, no he noted that an identical circuit with inputs and output 
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coupled differently may also be used in the receiver 106 as will 
be described below with reference to Figure 7. 

Referring also now to Figure 5B, a circuit diagram for one. 
exemplary embodiment for the line interface 204 is shown. The 

5 connections to the signal lines 210 and 104 are shown with 

reference numerals for clarity and ease of understanding. The 
signals preferably use differential pairs are indicated by 
reference numerals "a" and w b" as will be understood to those 
skilled in the art. The transistors and other components 

10 forming the second amplifier 506 and the differential amplifier 
504 are shown grouped within dashed boxes as will be understood 
to those skilled in the art. The remaining transistors and 
other components from the first amplifier (not labeled in Figure 
5B) . It should be noted that some of the transistors in the 

15 second amplifier 506 are for impedance matching, and have their 
gates coupled to signal line 522 to be biased for impedance 
matching in a conventional manner. Some of the transistors in 
the differential amplifier 504 are also coupled to line 520 for 
biasing. In alternate embodiments, the outputs of the 

20 differential amplifier 504 could be coupled to line 520 and 
thereby provide a single output signal as will be realized by 
those skilled in the art. Those skilled in the art will further 
recognize that in alternative embodiments, various other 
conventional bi-directional buffers could be used in place of 

25 the circuits shown in Figures 5A and 5B. 

Referring now to Figures 6A and 6B, two alternate 
embodiments for the decoder 202 are shown. The embodiment for 
the decoder 202 is dependent on the type of signaling being used 
by the corresponding encoder 704 (See Figure 7 and below) in the 

30 receiver 106. Figure 6A shows a block diagram of the first 
embodiment of the decoder 202a at the transmitter 106 for use 
when the receiver 106 sends the data in a non-return to zero 
(NRZ) signaling. As shown in Figure 6A, when the receiver 106 
sends data in NRZ (non-return to zero) manner and toggles data 

35 at the fictitious falling edge (since the clock toggles its 

falling edge randomly in accordance with the present invention), 
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since the delay is a function of cable delay, at the transmitter 
side, it is not predictable where the relative location of the 
data transition will be, even thought it may have been obvious . 
at the receiver side. Because of this ambiguous delay, the 

5 decoder 202a oversamples the data provided from the clock 

transmission line 104/212. Since the incoming data rate is the 
same is outgoing data rate, the present invention generates 
multiple phases of clocks from the clock signal on line 214. 
Using these clocks, the signal line 212 is sampled multiple 

10 times per data period to locate a data transition. Once the 
transition is detected, it is used as the data boundary. 

As shown in Figure 6A, the first embodiment of the decoder 
202a preferably comprises a delay-locked loop 602, a sampling 
unit 604, a data generator and a transition detector 608. The 

15 delay-locked loop 602 has an input coupled to receive the clock 
signal on line 214. The same delay-locked loop could be used in 
both the clock generator 200 and the decoder 202. The delay- 
locked loop 602 is of a conventional type and provides a 
plurality of version of the clock signal phase shifted. Outputs 

20 of the delay-locked loop 602 are coupled to respective inputs of 
the sampling unit 604. The sampling unit 604 includes control 
logic for generating a signal on a first output that controls 
when the transition detector 608 samples and latches the signal 
on line 212. For example, the sampling unit 604 can generate 

25 this control signal for every rising edge seen at the input from 
the delay-locked loop 602. The first output is coupled to an 
input of the transition detector 608. The sampling unit 604 
also provides a time signal on a second output indicating the 
signals from the delay-locked loop 602 that have transitioned, 

30 and thus, the time within the clock cycle. The second output of 
the sampling detector 604 is coupled to an input of the data 
generator 606. The transition detector 608 has an input coupled 
to line 212 to receive the signal from the receiver 106. The 
transition detector 608 detects transitions in the signals on 

35 the line 212. When a transition is present the transition 
detector 608 asserts its output. The data generator 606 is 
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coupled to the sampling unit 604 to receive a signal indicating 
the time within the clock cycle and the transition detector 608 
to identify when the transition occurs. Using this information, 
the data generator 606 outputs the bit values corresponding to 

5 when the transitions occur. For example if the transition is 
before the time for a falling edge of the. clock if it had a 50% 
duty cycle then the data generator 606 may output a 1 if after 
the data generator 606 could output a 0 if the data rate were 
one bit per clock cycle. Those skilled in the art will 

10 recognize how the data generator 606 could be modified according 
to the number of bits per clock cycle transmitted by the 
receiver 106. The output of the data generator 606 is provided 
on line 218 for use by the transmitter 102. 

Figure 6B shows an alternate embodiment for the decoder 

15 202a. When receiver 106 sends data in return to zero (RZ) 

manner, the rising edge of the incoming clock is preferably used 
as the data reference point, and a phase in the middle of those 
consecutive rising edges is generated and used to sample the 
incoming data at that point. Thus, the decoder 202a comprises 

20 merely a delay-locked loop 650 and a flip-flop 620. The delay- 
locked loop 650 preferably provides a signal that has a rising 
edge in about the middle of the clock cycle such as <|>3. This 
signal is coupled to the clock input of the flip-flop 620 to 
cause the flip-flop 620 to latch near the middle of the clock 

25 cycle. The data input of the flip-flop 620 is coupled to line 
212 to receive the data signal sent by the receiver 106 and the 
D output of the flip-flop 620 provides the data output and is 
coupled to line 218. 

Those skilled in the art will recognize that the decoder 

30 202 may alternatively formed as an integrator type receiver 

where the period of the clock is subdivided and the integrator 
integrates over the subdivided time periods and compares the 
integration results. The signal is effectively integrated and 
dumped for comparison to determine the data values. 

35 Receiver 
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Figure 7 shows a preferred embodiment for the receiver 106 
constructed in accordance with the present invention. The 
receiver 106 preferably comprises a line interface 706, a clock 
re-generator 700, a data decoder 702, a delay compensator 708 
5 and a return channel encoder 704. 

The line interface 706 is preferably identical to that 
described above with reference to Figure 5A and 5B. However, 
for the receiver 106, the line interface 706 is completely 
optional and the receiver 106 can operate without it. The line 

10 interface 706 buffers the signals and filters them for better 

use in recovery. The line interface 706 has an input, an output 
and a bi-directional port. The bi-directional port is coupled 
to the clock transmission line 104. The input of the line 
interface 706 is coupled to line 720 to receive the output of 

15 the return channel encoder 704. The output of the line 

interface 706 is coupled to line 722 to provide input signals to 
the clock re-generator 700 and the data decoder 702. For ease 
of understanding reference numerals for the line interface 706 
have been added to Figure 5A. 

20 The clock re-generator 700 has an input and an output. The 

input of the clock re-generator 700 is coupled to receive the 
signals on the clock transmission line 104 via line 722 from the 
line interface 706. The clock re-generator 700 monitors the 
transmission line 104, receives signals, filters them and 

25 generates a clock signal at the receiver 106. The output of the 
clock re-generator 700 is coupled to line 710 and provides the 
clock signal for the receiver 106 to use in recovering data from 
the data channels 108. The clock re-generator 700 
advantageously only uses the rising edges of the signals on the 

30 transmission line 104 to regenerate the clock signal at the 

receiver 106. This allows the falling edge position and voltage 
level to be used for other data transfer. The preferred 
embodiment for the clock re-generator 700 is simply an amplifier 
that can provide and amplified version of the signal to other 

35 digital logic receiving the clock. Referring now also to Figure 
8, another embodiment for the clock re-generator 700 is shown. 
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In Figure 8, the clock re-generator 700 is a phase-locked loop 
800 that has an input that is coupled to the transmission line 
104 and an output that provides the clock as a square wave. The 
phase-locked loop 800 is a conventional type and includes a 

5 phase detector 802, an amplifier and filter 804 and a voltage 
controlled oscillator 806. These components 802, 804, 806 are 
coupled in a conventional manner with the input of the phase 
detector 802 coupled to line 104 and the output of the voltage 
controlled oscillator providing the clock signal and being feed 

10 back to the phase detector 802. Those skilled in the art will 
recognize that various other embodiments of phase-locked loops 
could be used for the clock re-generator 700 since it is only 
necessary to detect the rising edges on the transmission line 
104 and produce a clock signal therefrom. Alternate embodiments 

15 for the clock re-generator 700 could also use a delay-locked 
loop. 

The data decoder 702, like the clock re-generator 700, has 
an input coupled to receive the signals on the transmission line 
104 via line 722 from the line interface 706. The data decoder 

20 702 filters and decodes the signals to produce data signals that 
are output on line 712. The data decoder 702 also has another 
input coupled to line 710 to receive the recovered clock signal 
from the clock re-generator 700. This is preferably done by 
determining the position of the falling edge of the clock signal 

25 and translating the falling edge position into bit values. The 
data being sent from the transmitter 102 to the receiver 106 is 
valid on the falling edge of the clock. Referring also now to 
Figure 9, a preferred embodiment for the data decoder 702 will 
be discussed. The preferred embodiment of the data decoder 702 

30 is very similar to the second embodiment of the decoder 202b of 
the transmitter 102. The data decoder 702 differs only in its 
coupling to other components which is shown in Figure 9. The 
data decoder 702 includes a delay-locked loop 650 and a flip- 
flop 620. The clock input of the delay-locked loop 650 is 

35 coupled to line 710 to receive the regenerated clock signal. 
The data input to the flip-flop 620 is coupled to line 722 to 
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receive the filter data signals from the transmission line 104. 
The output of the flip-flop 620 provides the data output and is 
coupled to line 712. The operation is same as has been 
described above with reference to Figure 6B. 
5 The delay compensator 708 is coupled to line 710 to receive 

the recovered clock signal. The delay compensator 708 adjusts 
the recovered clock signal to compensate for propagation delay 
over the transmission line 104 and propagation delay in 
recovering the clock such that the signal used to time the 

10 sending of data back to the transmitter 102 will have timing 
that matches the original clock signal on the transmitter side 
of the clock transmission line 104. The output of the delay 
compensator 708 provides an adjusted clock signal and is used by 
the return channel encoder 704. In a preferred embodiment, the 

15 delay compensator 708 is a phase-locked loop with a delay 
circuit in the feedback loop between the voltage-controlled 
oscillator and the phase detector, as will be understood to 
those skilled in the art. Such a configuration provides 
negative delay so that the clock signal for return channel 

20 signals is moved ahead so that with propagation delay it will 
matches the timing of the CGOut signal at the transmitter 102. 

The return channel encoder 704 generates signals and 
asserts them on the transmission line 104 via line 720 and the 
line interface 706. The return channel encoder 704 has a data 

25 input coupled to line 714 to receive the control and data 

signals to for the data to be sent on the return channel. The 
return channel encoder 704 also has a clock input coupled by 
line 724 to the output of the delay compensator 708 to receive a 
modified clock signal for timing the assertion of data and 

30 change in data states. These signals are asserted or 

superimposed over the clock & data signals provided by the 
transmitter 102. The return channel encoder 704 advantageously 
sends data back to the transmitter 106 on the falling edge of 
the clock thereby preventing the return channel 704 from causing 

35 any jitter on the clock signal. More specifically, the return 
channel encoder 704 minimizes transition activity only around 
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the rising edge of the clock, and minimizes activity by fixing 
the polarity around the rising edge. This is accomplished by 
including a delay-locked loop in the return channel encoder 704 . 
The return channel encoder 704 advantageously places data on the 

5 transmission line 104 or clock pair in the form of voltage 

signal and not edge position, thus reducing any interference and 
effect on the transmission of the clock and data signals by the 
transmitter 102. 

Referring now to Figure 10A, a first embodiment of the 

10 return channel encoder 704a is shown. The first embodiment 

return channel encoder 704a provides the minimum functionality 
for transmission. For example, the return channel encoder 704a 
could be a 1-bit link. This has a low data rate and does not 
allow DC balancing, however it is advantageous because there is 

15 no latency (once the data is at the transmitter there is no 

latency due to decoding) in getting the data and it is simple to 
implement. The first embodiment of the return channel encoder 
704a includes a rising edge detector 1002, a delay circuit 1004 
and a latch 1008. The rising edge detector 1002 has an input 

20 coupled to line 724 to receive a signal for timing the changing 
of the data output. The rising edge detector 1002 detects the 
rising edge and then asserts its output upon receiving rising 
edge. The output of the rising edge detector 1002 is coupled to 
the input of a delay circuit 1004. The delay circuit delays the 

25 signal output of the rising edge detector 1002, such as by half 
the clock period. Thus, the output of the delay circuit 1004 is 
at a time of an ideal falling edge if the clock were to have a 
50% duty cycle. The output of the delay circuit 1004 is used to 
control or latch the latch 1008. Thus, the data will only 

30 change state on an ideal falling edge of the input timing signal 
on line 724. The latch 1008 also has a data input and a data 
output. The data input is coupled to line 714 to receive the 
data, and the data output is coupled to line 720 for assertion 
by the line interface 706. Those skilled in the art will 

35 understand how to construct other return channel encoders such 
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as when more that one bit is send back to the transmitter 102 
per clock cycle. 

Furthermore, those skilled in the art will realize that the 
rising edge detector 1002 and the delay circuit 1004 may be 
5 replaced by a delay-locked loop or a phase-locked loop as will 
now be discussed with reference to Figure 10B. Referring now to 
Figure 10B, a second embodiment of the return channel encoder 
704b is shown. The second embodiment of the return channel 
encoder 704b includes a delayed locked loop 650 and a flip-flop 

10 620. This is identical in operation to Figure 6B, and it 

operation has been described above. The input to the delayed 
locked loop 650 is coupled to line 724 and the data input of the 
flip-flop 620 is coupled to line 714. The data output of the 
flip-flop 620 provides the data output on line 720. 

15 is should be understood that the either embodiment of the 

return channel encoder 704a, 704b could also include an encoder 
for providing encoding of the data before transmission over the 
return channel. The addition of an encoder such as 4bit/5bit 
encoder or a 9bit/10bit encoder is advantageous because it 

20 increases the amount of data that can be sent per clock cycle. 
It also provides DC balancing and transition control. However, 
it makes the transmitter and receiver designs more complicated 
and adds latency to the availability of the data. 

Referring now to Figures 11A, 11B, 12A, and 12B, timing 

25 diagrams for the key signals of the present invention are shown. 
The timing diagram includes: 1) the CGOut signal on line 210 
which is asserted on the clock transmission line 104; 2) the 
signal on the clock transmission line 104; 3) the re-generated 
clock signal on line 710; 4) the recovered data signal on line 

30 712; and 5) the return channel signal asserted by the return 

channel encoder 704 on the clock transmission line 104. Figure 
11A illustrates the signals at the transmitter 102 using a 
return to zero signaling method. Similarly, Figure 11B 
illustrates signals on the transmission line, and signal in the 

35 receiver 106 using a return to zero signaling method. In 

contrast, Figures 12A and 12B show the signal relationships for 
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a non-return to zero signaling method. Figure 12A shows the 
signals at the transmitter 102 and Figure 12B shows the signals 
at the receiver 106. 

These timing diagrams demonstrate a number of features of 

5 the combined clock and bi-directional data link of the present 
invention. First, that transition activity and polarity 
activity by either the transmitter 102 or the receiver 106 is 
minimized or eliminated close to the rising edge of the CGOut 
signal. Second, the transmission of data from the transmitter 

10 102 to the receiver 106 is through the position of the falling 
edge of the clock signal. Third, the transmission of data from 
the receiver 106 to the transmitter 102 is by current or voltage 
level adjustment and any changes are not made near the rising 
edge of the clock signal from the transmitter 102. Fourth, the 

15 effect of assertion of data signals by the receiver 106 does not 
impact the edges in the signals from the transmitter 102. 
Clock Multiplication 

One important advantage of the present invention is that no 
modification to any portions of the present invention need to be 

20 changed to be operable with or without clock multiplication. In 
some cases, the transmitter 102 and the receiver 106 have the 
ability to increase the data transmission rate by increasing the 
clock rate through clock multiplication (sending multiple clock 
signals within one period of the clock signal). In such a case, 

25 the transmitter 102 asks the receiver 106 if it can handle clock 
multiplication. The receiver 106 indicates to the transmitter 102 
what if any levels of clock multiplication can be handled. The 
transmitter then sends on the highest clock multiplication level 
possible. In clock multiplication, the transmitter 106 just sends 

30 a multiplied clock, however, the receiver 106 has to divide that 
multiplied clock down to the original pixel clock so that the main 
data channel can make use of the clock. The phase information on 
the clock is also important in some data links and it can also be 
conveyed through the data link provided with the present 

35 invention. In the transmitter 102, a DLL/PLL is used to multiply 
the clock at the integer multiple of the incoming clock. For some 
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transmission lines,, since the jitter information is important, 
only integer multiple is allowed. However, if this is not that 
important, rational number multiples can .also be used to save the 
bandwidth. 

It is to be understood that the specific mechanisms and 
techniques that have been described are merely illustrative of 
one application of the principles of the invention. Numerous 
additional modifications may be made to the apparatus described 
above without departing from the true spirit of the invention. 
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1. An apparatus for transmitting a clock signal and data . 
signals over a signal line, the apparatus comprising a clock 
generator having a first input, a second input and an output, 
5 the clock generator modulating a falling edge of an output 

signal to indicate different data values, the first input of the • 
clock generator coupled to receive a clock signal, and the 
second input of the clock generator coupled to receive a control 
signal indicating a data value to be transmitted. 



10 2. The apparatus of claim 1, further comprising a data 

decoder for extracting data signals, the data decoder having a 
input and an output, the data decoder for extracting data 
signals, the input of the data decoder coupled to the signal 
line f the output providing data from the signal line. 



15 3. The apparatus of claim 2, further comprising a line 

interface for asserting signals on and extracting signals from 
the signal line, the line interface having an input, an output 
and a bi-directional port, the bi-directional port coupled to 
the signal line, the input of the line interface coupled to the 

20 output of the clock generator, the output of the line interface 
coupled to the input of the decoder. 



4. The apparatus of claim 3, wherein the line interface 
further comprises a first amplifier coupling the output of the 
clock generator to the signal line, a differential amplifier 

25 having a first input coupled to the signal line, a second 

amplifier coupling the clock generator to a second input of the 
differential amplifier, and the output of the differential 
amplifier providing the output of the line interface. 

5. The apparatus of claim 1, wherein the clock generator 
30 further comprises: 

a delay-locked loop having an input and a plurality of 

outputs for outputting signals shifted in phase from 
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an input signal, the input of the delay-locked loop 
coupled to receive the clock signal; 
a multiplexer having a plurality of inputs. and an output 
for selecting one of the plurality of input signals 
5 for output, the plurality of inputs of the multiplexer 

coupled to respective outputs of the delay-locked 
loop; and 

a latch having a first input and a second input, the first 
input coupled to an output of the delay-locked loop, 
10 and the second input coupled to output of the 

multiplexer. 

6. The apparatus of claim 5, further comprising a 
monostable multivibrator having an input and an output, the 
input of the monostable multivibrator to receive the clock 

15 signal, the output of the monostable multivibrator coupled to 
the input of the delay locked loop. 

7. The apparatus of claim 5, wherein the latch further 
comprising a pair of cross coupled NAND gates. 

8. The apparatus of claim 2, wherein the decoder further 
20 comprises 

a delay-locked loop having an input and a plurality of 

outputs for outputting signals shifted in phase from 
an input signal, the input of the delay-locked loop 
coupled to receive the clock signal; 

25 a sampling unit having a plurality of inputs, a first 

output and a second output, the sampling unit for 
controlling when signals are sampled and for 
indicating the time at which signals are sampled, the 
plurality of inputs coupled to respective outputs of 

30 the delay-locked loop; 

a transition detector for determining when there is a 

transition in a signal, the transition detector having 
a data input, a control input and a data output, the 
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data input of the transition detector coupled to the 
signal line, the control input of the transition 
detector coupled to the first output of the sampling 
unit; and 

5 a data generator having a first input, a second input and 

an output, data generator for producing bit values 
corresponding to when transitions occur on the signal 
line, the first input of the data generator coupled to 
the second output of the sampling unit, the second 

10 input of the data generator coupled to the output of 

the transition detector. 

9. The apparatus of claim 2, wherein the decoder further 
comprises 

a delay-locked loop having an input and a plurality of 
15 outputs for outputting signals shifted in phase from 

an input signal, the input of the delay-locked loop 
coupled to receive the clock signal; 
a flip-flop having an control input, a data input and an 

output, the control input of flip-flop coupled to one 
20 of the plurality of outputs of the delay-locked loop, 

and the data input of the flip-flop coupled to the 
signal line. 

10. The apparatus of claim 1, wherein the apparatus is 
coupled by the signal line to a receiver, and wherein the 

25 receiver further comprises: 

a clock re-generator having an input and an output for 

recovering a clock signal from the signal line, the 
input of the clock re-generator coupled to the signal 
line; 

30 a second decoder for extracting data signals, the second 

decoder having a first input, a second input and an 
output, the second decoder for extracting data 
signals, the first input of the second decoder coupled 
to the signal line, the second input of the second 
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decoder coupled to the output of the clock re- 
generator and the output providing data from the 
signal line. 

11. The apparatus of claim 10, wherein the clock re- 
5 generator of the receiver is an amplifier. 

12. The apparatus of claim 10, wherein the. clock re- 
generator of the receiver is an phase-locked loop. 



13. The apparatus of claim 10, wherein the second decoder 
further comprises 

10 a delay-locked loop having an input and a plurality of 

outputs for outputting signals shifted in phase from 
an input signal, the input of the delay-locked loop 
coupled to output of the clock re-generator; 
a sampling unit having a plurality of inputs, a first 

15 output and a second output, the sampling unit for 

controlling when signals are sampled and for 
indicating the time at which signals are sampled, the 
plurality of inputs coupled to respective outputs of 
the delay-locked loop; 

20 a transition detector for determining when there is a 

transition in a signal, the transition detector having 
a data input, a control input and a data output, the 
data input of the transition detector coupled to the 
signal line, the control input of the transition 

25 detector coupled to the first output of the sampling 

unit; and 

a data generator having a first input, a second input and 
an output, data generator for producing bit values 
corresponding to when transitions occur on the signal 
30 line, the first input of the data generator coupled to 

the second output of the sampling unit, the second 
input of the data generator coupled to the output of 
the transition detector. 
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14. The apparatus of claim 10, wherein the second decoder 
further comprises 

a delay-locked loop having an input and a plurality of 

outputs for outputting signals shifted in phase from 
5 an input signal, the input of the delay-locked loop 

coupled to the output of the clock re-generator; 
a flip-flop having an control input, a data input and an 

output, the control input of flip-flop coupled to one 
of the plurality of outputs of the delay-locked loop, 
10 and the data input of the flip-flop coupled to the 

signal line. 

15. The apparatus of claim 10, further comprising a second 
line interface for asserting signals on and extracting signals 
from the signal line, the second line interface having an input, 

15 an output and a bi-directional port, the bi-directional port 
coupled to the signal line, the output of the line interface 
coupled to the input of the second decoder and the clock re- 
generator. 

16. The apparatus of claim 10, further comprising a delay 
20 compensator having an input and an output for adjusting a 

recovered clock signal to compensate for propagation delay, the 
input of the delay compensator coupled to the output of the 
clock re-generator. 

17. The apparatus of claim 16, further comprising a return 
25 channel encoder having a first input, a second input and an 

output, for sending signals on the signal line, the first input 
of the return channel encoder coupled to receive data for 
transmission, the second input of the return channel encoder 
coupled to the output of the delay compensator, and the output 
30 of the return channel encoder coupled to the signal line. 

18. The apparatus of claim 17, wherein the return channel 
encoder further comprises: 

a delay-locked loop having an input and a plurality of 

outputs for outputting signals shifted in phase from 
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an input signal, the input of the delay-locked loop 
coupled to the output of the delay compensator; 
a flip-flop having an control input, a data input and an 

output, the control input of flip-flop coupled to one 
5 of the plurality of outputs of the delay-locked loop, 

and the data input of the flip-flop coupled to the 
signal line. 
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